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Muon tomography: Muographic projects: Janossy Undergroun é g // é uisner
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Limited azimuth range
(sampling problem)

Cosmic muons-

Interchangeable subsets
in the solution set (on the same

set of trajectory)

Jacobian (permutation)
symmetry

(equivalences)
High-dimensional null space

(with vertically oriented base vectors)

Nullity>Rank situation

Tunnel @ % detectors Sl“gUIar pSEUdO
o . . inverse
Limited number of measuring position Regularization is necessary, with all

with limited measirement time that it entails



Muon tomography: Tomogrpahic inverse problem WiGNEer
Linearized direct problem . ,
of discrete tomography Density length error prior (informative or
o elvoxel distribution distribution Sgg'er;‘;‘?l;mat've'
transformation FQ =Y N(O, Cy ) N(QO, CO smooth)
N G .
R _ ML-term (I(%ss)_1 Prior-termT 1
@ = min_arge {(y —Fe)" C;,~ (y — Fe) + (@ — @) €, (@ — o)}
.
R=FTC;'F 8= R+ (F ¢y +Cileo)
Fisher-
matrix

E(@) = (R+ Cy1) 1 (Re + C5lop)

The result vector is the weighted sum of the two types
of information (flexibility)

From the null space, prior selects one element ~
NS(prior)
Unique solution with prior dependent bias



Muon tomography: Error term: bias and variance

The source of bias is always a real an«
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Muon tomography: Algorithms and priors WiGNer
Key inversion algorithms Prior
" SVD: Spectral Value * Minimum norm

Decomposition
* Smoothness (spatial correlations)
" Tikhonov-type regularization
* Prior density distribution (large scale
" Bayes-type estimation geology)
(Geologic prior) Because of fan-
 Zdependent shaped imaging
" Filtered Back Projection

- _ __ _ __ & _ _ a

 Fisherinforn =~

" Expectation Maximalization
(MLEM)
Metric and pdf
" Early stop Iterations Gauss or Mixed Gaussian L2 EOZ
norm
Laplacean L1 Sparsity
+ bias reduction post norm handling

process = #
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The prior distribution relates to voxel based Voxel grid ~ Harmashatar hil
densities, so it depends on the voxel size.

Dependence requires an appropriate averaging

model.
(scalable prior)

Altitude [m]

Averaging : small scale bias

RO _Flsher- |
y information
uon
trajector
An overly refined model increases the correlation
Ro/ Ro/ Ro/ among voxel elements. Changing the correlation
2 4 4 structure (associated with the mapping) can
0 R0/2 R0/4 R0/4 reduce the rank of the Fisher matrix

Information loss and voxel
split
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Muon tomography: Horizontal and vertical object REGARD <?
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Muon tomography: Horizontal and vertical object REGARD <?
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Muon tomography: Focus range - Information distribut@é
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Muon tomography: Extra HEN ‘ wisner
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